Background Hospital readmissions are common after major surgery, although it is unknown whether patients achieve improved outcomes when they are readmitted to, and receive care at, the index hospital where their surgical procedure was done. We examined the association between readmission destination and mortality risk in the USA in Medicare benefi ciaries after a range of common operations.
Introduction
Identifi cation of metrics for quality of surgical care has become a major priority for health-care providers, patients, those paying for health care, and policy makers in many countries. So far, the main focus has been on perioperative measures of surgical quality, including structural characteristics of hospitals where surgery takes place and measures of the perioperative process within hospitals that lead to the best postoperative outcomes. 1, 2 Hospitals that provide high-quality surgical care are often labelled as so-called centres of excellence, and trends have emerged in support of cost-eff ectiveness-driven regional centralisation for complex and major surgery. 3, 4 These changes were based on reports [5] [6] [7] [8] [9] showing that hospitals with certain characteristics-eg, high operative volume or specialty care pathways-are better able to manage patients undergoing complex surgery and resulting complications, leading to reduced rates of riskadjusted mortality and readmission.
However, after patients have been discharged from hospital following major surgery, the factors that are associated with improved outcomes are unclear. This challenge is relevant in view of the fact that a substantial proportion of complications and deaths within 90 days after major surgery occur after patients have been discharged from hospital, 10 and up to 25% of patients will need readmission. 11, 12 Because the need for hospital readmission after major surgery is associated with signifi cantly increased risk of mort ality, 13, 14 metrics of quality for surgical readmission need to be defi ned.
Maintenance of continuity of care with the same health-care institutions and providers is an established metric of quality for patients treated for chronic medical conditions. 15, 16 We postulated that this quality metric would also apply to patients who were readmitted to hospital after major surgery, who we suspected would achieve improved outcomes if they returned to the hospitals where their operation took place (ie, the index hospital). We aimed to assess readmission destination and risk-adjusted 90 day mortality estimates for fee-for-service Medicare benefi ciaries in the USA who were readmitted to hospital within 30 days after 12 common operations across fi ve surgical disciplines.
Methods

Data sources and study population
We used the Centers of Medicare and Medicaid Services Provider Analysis and Review database to study patients who were readmitted to hospital within 30 (81.54) . In our analysis, we included all patients who made use of a fee-for-service, non-health maintenance organisation (HMO) payment model, who were aged younger than 99 years and underwent one of these 12 operations during the time period.
To be included in the cohort for analysis, all patients needed to be readmitted within 30 days of discharge after one of the 12 index surgical procedures. Only the fi rst unplanned readmission during the fi rst 30 postoperative days was examined. If patients were transferred to another institution during the postoperative period, the 30 day window started after discharge from the other institution.
Readmission destination
Our main exposure variable was readmission destination, defi ned by whether patients were readmitted to the index hospital where the surgery took place or a diff erent, non-index, hospital. The exposure group included patients who were readmitted to outside hospitals but then transferred to the index hospital within 24 h. The reference group included all patients who were readmitted to, and cared for at, hospitals other than the index hospital. The defi nition of index versus non-index hospital admission was specifi c for each patient, which allowed for cross-classifi cation of data. We used hospital identifi cation numbers from the Centers of Medicare and Medicaid Services to categorise index and readmission hospitals.
Additionally, we assessed whether having the same surgical provider was associated with both index and readmission hospitalisations by use of Berenson-Eggers Type of Service (BETOS) codes. BETOS codes are associated with services that health-care providers perform for Medicare benefi ciaries and submit for billing, including evaluation and management and medical procedures. We included billing claims from the operative surgeon, and nurse practitioners or physician assistants who might have been directly involved in patient care, and compared these claims with the provider billing claims for evaluation and management and medical procedures during the period of readmission.
Descriptive variables
We assessed diff erences in readmission destination by patient characteristics at several levels. Baseline demographic variables included age, sex, ethnic origin, disability, and Medicaid eligibility at the time of index hospital admission. We obtained data for education and median income from the American Community survey data (2006 to 2010) and used them to measure patient socioeconomic status. We assessed patients' comorbidities with a Charlson index (Romano adaptation) 17 score generated from the diagnosis at index hospital admission and procedure codes. We calibrated the Charlson index weights to a surgical hip fracture cohort that has previously been validated in various populations who had surgery.
12, 18 We coded each readmission was to manage a medical complication (eg, heart failure or peneumonia) or a surgical complication (ie, a complication requiring a procedure at the time of readmission such as wound debridement). We based this distinction on the medical and surgical diagnosis-related groups assigned to patients at the time of readmission. We categorised the source of admission to the hospital at the time of readmission as being from an emergency department, outpatient clinic, transfer from another hospital facility, or another source. We characterised the hospitals patients were readmitted to in several ways. We assessed overall hospital volume of admissions and procedure-specifi c volumes by hospital. We measured admission volumes across all years combined and with biannual values smoothed by a moving average. For all 12 procedures, the top 10% of hospitals ranked by volume accounted for roughly 50% of operations, and we used this cutoff point to defi ne hospitals with the highest volumes of procedures. We categorised the teaching status of hospitals (non-teaching, minor teaching, and major teaching) based on the ratio of junior doctors to beds, as identifi ed by the 2010 American Hospital Association fi les, and whether hospitals were members of the Council of Teaching Hospitals. Additionally, we assessed the number of hospital beds, intensive-care unit beds, physician staffi ng (full-time equivalents), and nurse-topatient ratios using the year-specifi c American Hospital Association fi les. We assessed hospital compliance with established process measures derived from the Surgical Care Improvement Program (SCIP), using the 2012 Hospital Compare website. We chose SCIP-9 (compliance with removal of urinary catheters by postoperative day 2) because this measure had the most variability and discriminatory potential between hospitals in the USA. 
Data are n (%) or mean (SD) unless otherwise stated. SNF=skilled-nursing facility. HRR=hospital referral region. Neurosurgery=craniotomy. Orthopaedic surgery=hip replacement, knee replacement. We used the University of Washington Rural-Urban Commuting Area (RUCA) Version 2 codes to categorise the locations of hospitals and patients' homes with zip codes, aggregated to four levels: urban, suburban, large town, or rural. We calculated the distance from the patient's home to the hospital as a straight-line distance measured in miles. Finally, we assessed whether patients underwent their index surgical procedure within the US hospital referral region associated with their home address.
Outcomes
The main outcome measure was 90 day all-cause mortality, beginning from the day of hospital readmission. We obtained dates of death from the Medicare Vital Status fi le. We also assessed in-hospital mortality during the period of hospital readmission.
Statistical analysis
We used two methods to assess the primary outcome measure: inverse probability weighting and an instrumental variable analysis. 19 We did all analyses with SAS version 9.3.
To address confounding by measured covariates, we used logistic regression incorporating inverse probability weighting, a type of propensity score analysis. 20 We fi rst calculated descriptive statistics for the predictor variables measured within cohorts of patients undergoing each operation using bivariate comparisons (χ² and ANOVA). We then used multiple logistic regression to calculate the probability of a patient being readmitted to the index hospital based on 74 covariates (appendix). The weights for each patient were defi ned as the inverse of the estimated probabilities for being readmitted to the index hospital. After we weighted patients, we ran logistic regression models for each of the 12 surgical procedures clustered by hospital size (ie, small, medium, and large) to estimate odds ratios (ORs) for mortality. Model convergence was not possible when we attempted clustering at the level of individual hospitals because many US hospitals had few patients in each procedure group. We also did risk adjustment for all 12 procedures using logistic regression models without inverse probability weighting and without clustering.
We calculated p values for comparisons between index and non-index hospitals using t tests for means and χ² tests for proportions. We made categorical comparisons with χ² tests or ANOVA, as appropriate.
To address potential unmeasured bias, we did instrumental variable analysis with hospital-level variation in regional index hospital 30 day readmission rates as an See Online for appendix instrument. Hospitals within each hospital referral region were divided into quartiles based on index readmission rates after each operation, and we then compared groups of patients at hospitals that diff ered in terms of high and low probability of being readmitted to the index hospital (appendix). This type of geographic instrumental variable behaves like a natural random assignment of patients who underwent surgery to regional exposure groups that diff er in likelihood of returning to the index hospital at the time of readmission. 19 We estimated risk-adjusted ORs for 90 day mortality for all 12 procedures with comparisons between hospitals at low and high risk of index readmission compared with non-index readmission.
To investigate whether having the same surgical providers during both index hospital admission and readmission was associated with a survival benefi t, we calculated adjusted in-hospital and 90 day mortality based on whether patients were readmitted to non-index hospitals, index hospitals with diff erent providers, or index hospitals with the same providers. We did incremental R² analysis to calculate the fraction of the variance accounted for in the model when surgical provider information was added, compared with only the variable for hospital of readmission.
We also did several sensitivity analyses to evaluate the eff ect of hospital destination on mortality under various conditions. This analysis included stratifi cation by emergency department admissions, hospital teaching status, hospital procedure volume level (low vs high), and distance to the index hospital greater than 50 miles. We selected 50 miles as a cutoff because it represented roughly 1 h of travel time to the hospital. Dartmouth Human Investigation Committee deemed this study to be exempt from review.
Role of the funder
There was no funding source for this study. BSB and PPG had full access to all the data in the study and BSB, PPG, and SRGF had fi nal responsibility for the decision to submit for publication.
Results
We identifi ed 9 440 503 patients during the study period who underwent one of 12 major operations within fi ve surgical specialties (table 1) . Across all procedures, prevalence of 30 day readmission ranged between 154 203 (5·6%) of 2 748 519 patients for knee replacement and 3665 (21·9%) of 16 702 patients for oesophagectomy.
In patients who needed to be readmitted to hospital within 30 days after major surgery, the number who were readmitted or transferred to the index hospital varied between procedures, from 186 336 (65·8%) of 283 131 patients who were readmitted after coronary artery bypass grafting, to 142 142 (83·2%) of 170 789 patients who were readmitted after colectomy (table 1). We calculated hospital-level index readmission prevalence within hospital referral regions for all 12 procedures, stratifi ed by quartiles (appendix). The demographics and discharge destinations of patients who returned to the index hospital varied with the type of surgery (tables 2, 3). Patients who were readmitted to the index hospital were signifi cantly more likely to live in urban areas and to have travelled fewer miles to have their operation at a hospital within their same hospital referral region than were those who were admitted to a diff erent hospital (tables 2, 3). Additionally, patients returning to index hospitals were readmitted within fewer days than were those who went to other hospitals.
We compared the characteristics of the hospitals that patients were readmitted to, stratifi ed by whether these hospitals were the index hospital or non-index hospitals (tables 4, 5). Generally, the index hospitals were smaller, with fewer staff and beds than were non-index hospitals (tables 4, 5). Moreover, index hospitals were more likely than non-index hospitals to be non-teaching hospitals, have lower SCIP-9 compliance, and be located in regions with lower mean incomes for the most surgical specialties (tables 4, 5).
The likelihood of patients being readmitted to the index hospital was increased when the readmission was to manage surgical complications compared with medical complications (tables 4, 5). Of the readmissions for medical complications, cardiac and infectious complications were most common overall. However, readmissions for medical or surgical complications were less likely to be for urgent or emergent indications if the patient returned to the index hospital than if they went to a non-index hospital (tables 4, 5).
We collected crude 90 day mortality data for patients who were readmitted to index and non-index hospitals for medical and surgical causes (appendix). For all types of surgery, unadjusted 90 day mortality was signifi cantly lower for patients who were readmitted to the index hospital where surgery occurred than for patients readmitted to other hospitals (tables 4, 5, fi gure 1). These fi ndings were supported by risk-adjusted, inverse probability weighted models for all 12 surgical procedures (index hospital readmission vs non-index hospital readmission, overall OR 0·74, 95% CI 0·66-0·83; fi gure 2). For all surgical procedures, 90 day mortality was reduced for patients readmitted to index hospitals compared with those admitted to non-index hospitals, and the eff ect was largest for those who underwent pancreatectomy (0·56, 0·45-0·69), aortobifemoral bypass (0·69, 0·61-0·77), colectomy (0·75, 0·73-0·77), and ventral hernia repair (0·75, 0·69-0·81, fi gure 2). Furthermore, readmission to the index hospital was the most consistent predictor of survival relative to the 74 other covariates in the model (appendix). We also identifi ed similar results using logistic regression models without inverse probability weighting (data not shown).
In our instrumental variable analysis, we identifi ed a similar, but attenuated, reduction in mortality for patients readmitted to the index hospital compared with those readmitted to non-index hospitals (fi gure 2). Patients with a higher probability of being readmitted to the index 
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hospital instead of a non-index hospital after surgery had an 8% lower risk of 90 day mortality (overall OR 0·92, 95% CI 0·91-0·94) than did patients with a lower probability of index hospital readmission. For all 12 procedures assessed with instrumental variable analyses, ORs for risk-adjusted mortality favoured patients who returned to the index hospital, but this diff erence was signifi cant for only six of 12 surgical procedures (fi gure 2).
Compared with readmission to non-index hospitals, the reduction in mortality was greatest when patients were readmitted to the index hospital for surgical complications (adjusted OR 0·75, 95% CI 0·74-0·77), and this eff ect existed for all surgical specialties (fi gure 1). Furthermore, patients who needed management for a surgical complication at the time of readmission had a signifi cant reduction in 90 day mortality in all comparisons if the same surgeon was involved in both the index and readmission treatment (fi gure 3). Knowledge of whether patients received care from the same surgical providers during readmission to the index hospital increased the R² value by 2·9% relative to models with hospital of readmission alone, supporting an incremental benefi t for maintenance of continuity with respect to treatment providers. Patients who were readmitted to the index hospital for medical complications also had signifi cantly reduced risk of 90-day mortality (adjusted OR 0·84, 95% CI 0·83-0·85) compared with those readmitted to diff erent hospitals, although this eff ect was reduced in comparisons of readmissions for surgical complications.
To determine whether the eff ect seen at 90 days existed earlier in the readmission process, we also examined in-hospital mortality during the readmission period for medical and surgical complications (appendix). We noted that in-hospital mortality was also signifi cantly reduced for patients readmitted to index hospitals after all surgical procedures except for cardiothoracic operations (tables 4, 5). These results were supported by risk-adjusted weighted models: the only patients not to have a lower risk of in-hospital mortality associated with readmission to the index hospital were those readmitted after coronary artery Risk-adjusted odds ratio of 90 day mortality for readmission to same hospital stratifi ed by teaching status (major teaching vs non-teaching) and distance to index hospital (<50 miles vs ≥50 miles). The reference group for all sensitivity analyses is readmission to other hospitals than where surgery occurred. We only included data for the nine procedures for which stratifi ed regression models were able to converge. Table 6 : Sensitivity analysis bypass grafting (appendix). Additionally, we detected a similar in-hospital mortality benefi t for patients who were readmitted under the care of the same provider for the management of surgical complications as for the index surgery (fi gure 3). We did sensitivity analyses to examine the eff ect of hospital teaching status, distance greater than 50 miles to the index hospital, readmission through the emergency department, and volume of procedures at the hospital on risk-adjusted 90 day mortality models. The mortality benefi t associated with readmission to the index hospital remained signifi cant for all surgical procedures in these models, except for two procedures (open abdominal aortic aneurysm repair and ventral hernia repair) in patients who lived more than 50 miles from the index hospital (table 6).
Discussion
Patients undergoing major surgical procedures are often readmitted to hospitals to manage various medical and surgical complications, which are known to increase their risk of mortality. 11 However, the best destination for these high-risk readmissions has not been established. Our results describe a consistent reduction in 90 day mortality for patients who were readmitted to the same hospital as where their surgery was done, for 12 diverse and common high-risk surgical procedures. In our inverse probabilityweighted analysis, readmission to the index hospital was associated with a 26% reduction in risk of 90 day mortality compared with readmission to non-index hospitals. These results were supported by the hospital-level instrumental variable analysis, in which patients with the highest probability of index hospital readmission had an 8% lower risk of 90 day mortality than did patients with a lower likelihood of returning to the index hospital. This decrease in mortality risk was greatest for patients who were readmitted for surgical complications, rather than medical complications, especially when these patients were managed by the same surgical providers who did the index surgery. Together, these results suggest that patients who need readmission for complications after major surgery will have the best outcomes when managed by providers who maintain continuity of care throughout the patient's postoperative course.
Hospital readmissions after surgery have become a high-profi le metric of health-care quality worldwide. 8 Financial penalties for unplanned readmissions are now being enforced in the USA and the UK, with hospitals taking responsibility for readmissions, irrespective of whether patients return to the same hospital where the surgery was done or to another hospital. [21] [22] [23] However, the association between readmission destination after surgery and patient outcomes has not been studied closely. A study 24 that used a sample of 5% of Medicare claims for open and endovascular abdominal aortic aneurysm repair between 2005 and 2009 identifi ed no benefi t for 30 day mortality when patients returned to the same hospital where surgery was performed. 24 These results contrast with those of our study, which used 100% of Part A and B claims over a longer time period, and showed consistent reductions in in-hospital and 90 day mortality outcomes for 12 surgical procedures, including open abdominal aortic aneurysm repair. Furthermore, our main eff ect remained unchanged, even when our models controlled for established measures of surgical quality, such as hospital size, teaching status, and volume of procedures. The mortality reduction associated with index hospital readmission has face validity, which was further supported by our fi nding that this eff ect was most evident when the same surgical providers were involved in management of surgical complications (fi gure 3).
These fi ndings raise important questions about the sustainability of worldwide health policies that aim to concentrate major or complex surgical procedures into specialised hospitals at the regional level. Patients increasingly travel long distances to have their operations done at hospitals that are recognised as providing high-quality care or because of a fi nancial incentive for health insurers. 25 This strategy has been adopted by several large corporations in the USA as a way to control spending on major surgical procedures by sending employees to
Panel: Research in context
Systematic review Before we did this study, we searched PubMed and the Cochrane Library databases for all articles published between Jan 1, 1990, and Feb 1, 2014, that were relevant to hospital readmission destination after major surgery. We used the search terms "post-discharge", "continuity of patient care", "patient readmission", "operative procedures" and "surgery". Using these search criteria, we identifi ed no prospective or retrospective studies that were applicable to this subject.
While the data for this study were being analysed, two relevant observational studies were published with some confl icting results. The fi rst study assessed readmission destination after abdominal aortic aneurysm repair in a 5% sample of US Medicare benefi ciaries from 2005 to 2009, but detected no signifi cant mortality benefi t associated with readmission to the index hospital. 23 By contrast, another study that used 100% of Medicare claims for patients undergoing a composite of abdominal aortic aneurysm repair and four other procedures between 2009 and 2011 identifi ed increased risk of 30 day mortality when patients were readmitted to hospitals other than where their surgery was performed. 29 Although individual procedures or post-discharge complications were not assessed in this study, the results support an association between maintenance of continuity of post-discharge surgical care and improved survival.
Interpretation
Our data suggest that, when complications occur after major surgical procedures, patients who return to the index hospital and receive care from their original surgical team achieve signifi cantly better 90 day survival than do patients whose readmission is to a non-index hospital. These data were consistent across a range of surgical procedures in models designed to control for measured and unmeasured confounding. Maintenance of continuity of post-discharge care within institutions where providers are familiar with a patient's surgical history should be regarded as a measure of surgical quality, and be considered carefully when patients select a hospital in which to undergo major surgery.
hospitals that specialise in complex surgical care and accept bundled payments. 26 Additionally, the Centers of Excellence programme, established by Centers of Medicare and Medicaid Services, will only pay for some high-risk surgical procedures that are done in approved facilities. 27 These programmes make many patients travel to high-volume hospitals for their operations. When patients need readmission for complications, the assumption is that patients can seek care at local hospitals without a signifi cant penalty in surgical outcomes. Our results challenge this theory, and we argue that continuity of surgical care needs to be treated as a competing metric of quality in choices of hospital in which to undergo major surgery.
Maintenance of continuity of care after hospital discharge has been shown to be a plausible and eff ective strategy to improve outcomes in a range of patients with high-risk medical disorders. 15, 16, [28] [29] [30] For example, integrated post-hospital care delivery has been shown to reduce readmissions for patients with acute and chronic medical conditions, such as pneumonia, urinary tract infections, heart failure, and chronic obstructive pulmonary disease. 15, 16 Moreover, continuity of care has been reported to reduce complications and reduce overall health-care costs for patients with chronic diseases. 15 This benefi t is maintained when patients are cared for by teams within the same health-care setting, regardless of whether the same providers are involved with every episode of care. 28 Although continuity of care in the management of patients undergoing surgery has not been thoroughly investigated, some studies 12, 29, 30 suggest that patients returning to the same hospital and maintaining frequent contact with the surgical and primary care teams in the period following hospital discharge after high-risk surgery might have reduced risk of readmission and death. Our data further support the importance of continuity in surgical care, showing a dose-dependent reduction in mortality after readmission as the degree of continuity increased at the hospital level and provider level (fi gure 3). Moreover, our results suggest that continuity of care during readmission is a more consistent predictor of survival for patients who have undergone surgery after discharge from hospital than are other established quality measures such as hospital procedure volume.
Our study has several limitations. First, because our study was retrospective, readmission destination for patients was subject to selection bias and unmeasured confounding. This might include factors that determine severity of illness, time to presentation, and access to health care. Second, in our use of administrative billing data, we could not capture the full extent of the patient care continuity or conditions that determine medical complexity. Patients with the resources to return to the hospital where surgery was done might have clinical characteristics give a survival advantage. The fi ndings from our instrumental variable analysis, however, reduce the likelihood that the eff ects seen for mortality result solely from unmeasured confounding. Third, our large, national study focused on Medicare patients and therefore our fi ndings might not be generalisable to younger patient populations undergoing high-risk surgery or populations outside the USA.
Our results suggest that maintenance of continuity of surgical care is an important marker of quality, and should be taken into consideration in assessments of the advantages and potential unintended consequences of costeff ectiveness-driven regional centralisation of surgical care.
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